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1 Introduction
In the work item of V2X Phase 2 based on LTE (eV2X), the objective with respect to resource pool sharing between mode3 and mode4 was described as follows [1]:

	· Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


This contribution will focus on the discussion about the resource pool sharing between R15 UEs and R14 UEs. Compared with the earlier version, additional justifications are added for the different cases discussed in this contribution. 
2 Discussion
As per the objective in the WID shown earlier, it is clearly required that the resource pool sharing between mode 3 and mode 4 should support the coexistence of Rel-15 UEs and Rel-14 UEs in the same resource pools, meaning that an effective resource pool sharing mechanism between Rel-14 Mode 3/4 UEs and Rel-15 Mode 4/3 UEs should be enabled. 
So below, we discuss the resource pool sharing mechanism to address the coexistence issue. The discussions are divided into two scenarios which are discussed case-by-case as follows.
2.1 Scenario 1: the Rel-15 mode-4 UEs sharing resources with Rel-14 UEs.
In this scenario, the resources selected by Rel-15 mode-4 UEs may be shared with Rel-14 UEs. More specifically, in practice, it is straightforward that Rel-14 mode-4 UEs and Rel-15 mode-4 UEs can share the same/overlapped resource pools. In addition, there are inevitably some cases, e.g. partial coverage (NW edge) or inter-PLMN cases [2], where the pools of Rel-14 mode-3 UEs and those of Rel-15 mode-4 UEs are overlapped with each other, since the eNB covering Rel-14 mode-3 UEs are out of control of the resources per-configured, or configured by other PLMNs, for Rel-15 mode-4 UEs. In such cases, therefore, pool sharing between Rel-14 mode-3 UEs and Rel-15 mode-4 UEs may need to be supported anyway. 
Moreover, even for the intra-eNB case, pool sharing between Rel-15 mode-4 UEs and some Rel-14 mode-3 UEs with lower-priority/less-important packets may still function as an effective way to improve resource utilization and at the same time keep the performance of those Rel-14 mode-3 UEs within an acceptable level.  
However, based on the LTE-V2X specification in release 14, the Rel-14 UEs are unable to be aware of the presence of Rel-15 UEs, so in Scenario 1, no adoptions can be positively taken from a Rel-14 UE perspective to coordinate the resources with Rel-15 UEs. Thus, the enhancement to Rel-15 mode-4 UEs should be considered, in order to avoid resource collision to Rel-14 UEs and thus support the coexistence with Rel-14 UEs without significant performance degradation. 
To support resource pool sharing with Rel-14 UEs, a critical issue that needs addressing is how the Rel-15 mode-4 UEs identify a certain resource in the sharing resource set is occupied by a Rel-14 mode-3/mode 4 UE, since only if this is enabled can the Rel-15 mode-4 UE decide whether this resource could be treated as the potential resource to be selected or exclude this resource from the available resource set. As for this, it is further reasonable that the Rel-14 UE’s specific mode should be recognized by the Rel-15 Mode-4 UE, as the later should decide whether/how to avoid the resource collision with the Rel-14 UEs. Specifically, if the Rel-14 UE is using Mode-3, the Rel-15 mode-4 UE may need to keep itself away from the corresponding resources occupied by Rel-14 UE whose performance may need to be unconditionally guaranteed; otherwise, the Rel-15 UE may take no special care of the Rel-14 one (i.e. Rel-14 mode-4 UE) and simply follow the normal sensing-based resource selection procedure, since both of them are based on autonomous selection and thus should be treated with no difference with each other.  
Observation 1: In case of sharing pools with Rel-14 UEs, a Rel-15 mode-4 UE needs to select resources by taking into account the specific mode the Rel-14 UEs use. 
To do this, the reserved bits in SA can be used by a Rel-15 UE to judge whether a transmission is from a Rel-14 UE, since all reserved bits should be set to zero for Rel-14 UEs [3] while it is most likely that some of them shall be set to non-zero for Rel-15 UEs [4][5][6][7]. However, it is still unknown to the Rel-15 UE which specific mode the Rel-14 UE is actually using. So next we discuss how to address this issue in Observation 1 and enable Rel-15 mode-4 UEs to support the resource sharing with Rel-14 UEs. We divide the scenario 1 further into three orthogonal cases, as in Figure 1:
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Figure 1: The cases of Rel-15 mode-4 UEs sharing resources with Rel-14 UEs
Case 1-1: Rel-15 mode-4 UEs only share resources with Rel-14 mode-3 UEs
In this case, since only Rel-14 mode-3 UEs share resources with Rel-15 mode-4 UEs, if a Rel-15 mode-4 UE detects all the reserved bits are set to zero in a received SA, it can naturally conclude that the associated resource is occupied by a Rel-14 mode-3 UE. Then, in order to avoid the potential collision and guarantee the mode-3 performance, the Rel-15 mode-4 UE may exclude the corresponding resource from the available resource set.
Proposal 1: For the case where Rel-15 mode-4 UEs share resources with only Rel-14 mode-3 UEs, if all the reserved bits are set to zero in a received SA, Rel-15 mode-4 UE can conclude the associated resource has been occupied by a Rel-14 mode-3 UE and then may exclude the resources from the available resource set.

Case 1-2: Rel-15 mode-4 UEs only share resources with Rel-14 mode-4 UEs.
This is a natural case for sidelink communication and the mode-4 mechanism specified in release-14 can be reused directly. No enhancement is needed for Rel-15 V2X sidelink communication.
Case 1-3: Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs.
In practice, the serving cell may configure a common resource pool to Rel-15 mode-4 UEs and Rel-14 mode-4 UEs, enabling them to select resources based on sensing. In addition, the serving cell may also provide more extra resources, which is shared with mode-3 UEs (both Rel-14 and Rel-15), to Rel-15 mode-4 UEs to increase the resource utilization. It is therefore may be the case that the resources used for Rel-15 mode-4 UEs have intersections with those of both Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, and this should be  the most common case in practice from our point of view.

In this case, we think that only the issue on the resource sharing between Rel-15 mode-4 UEs and Rel-14 mode-3 UEs needs to be addressed, as the procedure for the resource sharing between Rel-15 mode-4 UEs and Rel-14 mode-4 UEs has already been supported in Rel-14 as in above Observation 4. 
Observation 2: For the case where Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, only the resource sharing between Rel-15 mode-4 UEs and Rel-14 mode-3 UEs needs to be addressed.
However, since the Rel-15 mode-4 UEs cannot identify whether a resource is occupied by a Rel-14 mode-3 UE just based on the value of reserved bits in the received SA as discussed above, we think the eNB in this case may inform the resources shared by Rel-14 mode-3 UEs to Rel-15 mode-4 UEs. Due to the resources configured for mode-3 and mode-4 are orthogonal in Rel-14, the resources included in this set of resources are not allowed to be used for mode-4 transmission. Thus, if a Rel-15 mode-4 UE receives a SA with all reserved bits are set to zero in this sharing resource set, it can conclude that the associated resource is occupied by a Rel-14 mode-3 UE and it may exclude this resource from the available resource set.

Based on the above analyses therefore, we propose that  for the case where Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, network may indicate the resources shared by Rel-14 mode-3 UEs to the Rel-15 mode-4 UEs, in order to enable the Rel-15 mode-4 UEs to identify the specific resource is occupied by a Rel-14 mode-3 UE (based on the value of reserved bits in the received SA).
Proposal 2: For the case where Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, the resources shared by Rel-14 mode-3 UEs may be informed to the Rel-15 mode-4 UEs by the NW, in order to help Rel-15 mode-4 UEs identify whether a resource is occupied by Rel-14 mode-3 UE.
2.2 Scenario 2: the Rel-15 mode-3 UEs sharing resources with Rel-14 UEs.
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Figure 2: the cases of Rel-15 mode-3 UEs sharing resources with Rel-14 UEs
As shown in Figure 2, Scenario 2 can also be divided into three cases, where each case can be analysed in a similar way as above Scenario 1. So by comparing with Scenario 1, it is can be straightforward to conclude the following proposals or observation about how the Rel-15 mode-3 UEs identify the transmission mode of a Rel-14 UE for each associated resource that shared by them:
Proposal 3: For the case where Rel-15 mode-3 UEs share resources with only Rel-14 mode-4 UEs, Rel-15 mode-3 UEs can conclude that a resource has been occupied by a Rel-14 mode-4 UE, if all the reserved bits in the associated SA received are set to zero.
Proposal 4: For the case where Rel-15 mode-3 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, the resources shared by Rel-14 mode-4 UEs may be informed to the Rel-15 mode-3 UEs by the NW, in order to help mode Rel-15 mode-3 UEs identify whether a resource is occupied by Rel-14 mode-4 UE.
The resource sharing in Scenario 2 should mainly focus on how to avoid the transmission collision between Rel-15 mode-3 UEs and Rel-14 mode-4 UEs. Since the resource selection of Rel-14 mode-4 UEs cannot be adjusted by taking into account the resources that are occupied by Rel-15 mode 3 UEs, the solution may have to rely on enhancements of Rel-15 mode-3 UEs’ operation. For instance, in addition to identify the transmission mode of each sharing resource based on sensing and decoding the associated SA, a Rel-15 mode-3 UE may also report the sensing results for a set of candidate resources to the eNB to assist eNB’s further scheduling and avoid potential collision. However, this mechanism may bring obvious signalling overhead and thus needs FFS.
Proposal 5: RAN2 is suggested to discuss whether some forms of reporting that reflect the occupation of the resources shared with Rel-14 mode-4 UEs needs to be reported by Rel-15 mode-3 UE for resource pool sharing mechanism. 
3 Conclusion

In this contribution, we discuss the resource pool sharing between Rel-15 UEs and Rel-14 UEs, and the observations and proposals are as follows:
Observation 1: In case of sharing pools with Rel-14 UEs, a Rel-15 mode-4 UE needs to select resources by taking into account the specific mode the Rel-14 UEs use.
Observation 2: For the case where Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, only the resource sharing between Rel-15 mode-4 UEs and Rel-14 mode-3 UEs needs to be addressed.
Proposal 1: For the case where Rel-15 mode-4 UEs share resources with only Rel-14 mode-3 UEs, if all the reserved bits are set to zero in a received SA, Rel-15 mode-4 UE can conclude the associated resource has been occupied by a Rel-14 mode-3 UE and then may exclude the resources from the available resource set.
Proposal 2: For the case where Rel-15 mode-4 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, the resources shared by Rel-14 mode-3 UEs may be informed to the Rel-15 mode-4 UEs by the NW, in order to help Rel-15 mode-4 UEs identify whether a resource is occupied by Rel-14 mode-3 UE.
Proposal 3: For the case where Rel-15 mode-3 UEs share resources with only Rel-14 mode-4 UEs, Rel-15 mode-3 UEs can conclude that a resource has been occupied by a Rel-14 mode-4 UE, if all the reserved bits in the associated SA received are set to zero.
Proposal 4: For the case where Rel-15 mode-3 UEs simultaneously share resources with Rel-14 mode-3 UEs and Rel-14 mode-4 UEs, the resources shared by Rel-14 mode-4 UEs may be informed to the Rel-15 mode-3 UEs by the NW, in order to help mode Rel-15 mode-3 UEs identify whether a resource is occupied by Rel-14 mode-4 UE.
Proposal 5: RAN2 is suggested to discuss whether some forms of reporting that reflect the occupation of the resources shared with Rel-14 mode-4 UEs needs to be reported by Rel-15 mode-3 UE for resource pool sharing mechanism. 
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